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An update of the electroweak measurements at LEP and SLC is presented. These measure- 
ments are used to perform precise tests of the Standard ModeL A constraint on the Standard 
Model Higgs mass is obtained when the direct measurements of mtop and Mw are included in 
the fit. A combination with the direct Ifiggs search is also shown. 

1 Introduction 

The precise electroweak measurements which have been performed at LEP and at SLC allow to 
make precise tests of the Standard Model and to constrain the Higgs mass. 
At the Z resonance the cross sections and the asymmetries of the process e^e~ Z,^ ^ ff are 
sensitive to m^, as and Log(MH) through radiative corrections. The electroweak corrections to 
e^e~ — > // lead to the running of the electromagnetic coupling constant oqed and corrections 
to the coupling constants of the Z to fermions. These corrections are absorbed in the defini- 
tion of the effective electroweak mixing angle sin^6'gg'* and of p: sin^^gg** = (1 + Ak) sin^ : 
p = l + Ap where sin^ 6'w = 1 - M^/M| and p = M^/(M|cos26'w) = 1- 

The measurement of the asymmetries determines the values of Ai = i^^J^Jg^^x which are con- 
verted into the effective electroweak mixing angle sin^^g^** = — |^), one of the most sensitive 
variables to the Higgs mass. On the other hand the measurement of the cross sections allows 
the determination of p which is more sensitive to the top mass. 

The W mass also includes radiative corrections: Mw = ^ . ™ — -—(l+Ar) with Ar = Aa + Arw. 

The values of these corrections, Ap, Ak and Ar^ depend quadratically on mtop and only loga- 
rithmically on Mh, leading to a much weaker constraint on Mh than on mtop- 



2 The electroweak measurements 



In this section the status of the main electroweak measurements used in the fit to the Standard 
Model is given as well as the most significant new inputs. 

2. 1 Status of the measurements 

The main electroweak measurements used in the fit are 

• LEPl and SLC electroweak measurements at the Z resonance: 

The Z lineshape parameters from LEPl, the Z mass Mz, the Z width Fz, the hadronic 
pole cross section Cjjg^j, Ri — Tiiadrons /-Ti and the forward-backward leptonic asymmetries 
Apg = ^AeAi are finali. 

The T polarisation, Vr at LEPl is also final. Ae and Ar are derived from this measurement. 
The measurement of the left-right asymmetry A^j^ = Ae and of the leptonic left-right 
forward-backward asymmetries Apg at SLC are final. 

LEPl and SLC also provide measurements of the Z decay fractions into b and c quarks 
R{J, RJ?. The bb and cc asymmetries Apg*', as well as the quark charge asymmetry 

< Qfb > are determined at LEPl while Af^ and Ac are measured at SLC. ALEPH and 
DELPHI have significantly improved their Apg^ measurement i'i (see section 2^). SLD 
has updated its heavy flavour results^. 

• LEP2 and pp colliders measurenients of the W mass: Mw from LEP includes the data 



taken in 2000 for ALEPH and LSB, this will be discussed in section b.2| 
The top mass measurement from CDF and DO which is final. 
The determination of sin^^w by NuTeV. 

Another important input used in the fit is the QED coupling constant at the Z mass 
aQED(M|). New low energy e+e" data taken by BESB at BEPC have been used to obtain 
a new experimental determination of aQED(M|)0 (see section 



Details and references to these measurements can be found in ReferenceHia. 

2.2 The most significant new inputs 

AO,bb 

^FB 

A new analysis! has been used by DELPHI leading to an improved determination of Apg. 
This analysis is based on a neural network to tag the b-charge using the full available charge in- 
formation from vertex charge, jet charge and from identified leptons and hadrons. A double tag 
method is used to calibrate this neural network tag on the data leading to a reduced systematic 
uncertainty. Note that this measurement is correlated with the measurement obtained with the 
jet- charge and with the leptons measurements shown in Figure [l|. The new value (refered to as 
DELPHI NN on Figure ||) is 

Afb(\/s - Mz) = 0.0931 ± 0.0034 ± 0.0015 (1) 

ALEPH has improved its Apg jet-charge measurement!!. A neural network has been used to tag 
b-events leading to a 30% increase in statistics while keeping the same purity. The jet-charge 
estimator has been improved, reducing the mistag rate by 10%. The systematic uncertainties 
are better controled by the use of double-tag methods for both fiavour and charge tags. With 
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Figure 1: Measurements of Apg'' at LEP. The lower 
plot shows the prediction of the Standard Model as a 
function of Mh- The width of the band is due to the 
uncertainties on Aafjad B,nd mtop added linearly. 



Figure 2: The measurement of Mw at LEP. The lower 
plot shows the prediction of the Standard Model as a 
function of Mh. The width of the band is due to the 
uncertainties on Aa^^^j and mtop added linearly. 



these improvements the systematic uncertainty has been reduced by a factor of 2 with respect 
to the old value US: 

old value : A^|(Vs~ Mz) 
Figure Q shows all the Apg measurements. 

The W mass 

At LEP2 the W mass is determined! from the data recorded at centre-of-mass energies y/s = 
161 — 209 GeV. Only ALEPH and L3 have analysed the year 2000 data and have an integrated 
luminosity of 700 pb~^ per experiment. The DELPHI and OPAL results are based on only 
450 pb^^ per experiment. 

Moreover ALEPH has done futher systematic studieslHI leading to a significantly reduced uncer- 
tainty. The fragmentation uncertainty which is based on Monte Carlo comparisons is reduced 
from 30 MeV to 15 MeV. The uncertainty arising from final state interaction between the two 
W's (Bose Einstein Correlation and Color Reconnection) has also been re-estimated. 
The LEP combined W mass obtained from the qqli'i and qqqq channels are consistent: 

AMw(qqqq - qqltl) = +18 ± 46MeV 
showing no evidence for a bias arising from FSI effects. The LEP W mass measurement is shown 
in Figure |2|: 

Mw = 80.446 ± 0.026(stat) ± 0.030(syst)GeV (4) 
The combination with the CDF, DO and UA2 measurements gives: 



0.0990 ± 0.0027 ± 0.0014 
0.1017 ±0.0038 ±0.0032 



(2) 
(3) 



Mw = 80.448 ± 0.034GeV 



(5) 



«qed(M|) 



As pointed out in section || the value of the QED coupling constant at y/s = Mz, aQED(M|) is 
needed in the fits. The running of oqed is given by: 



a(0) 



= , ..... Z',.. ... (6) 



Aai{s) and Aatop{s) are well known while Aaf^^^{s) involves hadron loops at low energy and 
therefore non perturbative QCD. This can nevertheless be experimentally determined using 
the low energy e^e~ data since Aa^g^j(s) is related to Rhad = '^i(e+'e--»^+^-)^ ^ dispersion 
integral. 

In the previous determinations t3 of Aaf^^^{s) the dominant error came from data taken in the 
range 2 < y/s < 5 GeV. The error in this energy range has been reduced by a factor of more 
than 2 using new e'^e~ data from the BES experiment Q. 

A new determination of Aa^^^^j has been doneQ using only experimental data below 12 GeV and 
third order QCD above, leading to 

AaLd(Mz) = 0.02761 ± 0.00036 (7) 

The error has been reduced by almost a factor 2 with respect to the previous value used in the 
electroweak fitlll: Aal^{Mz) = 0.02804 ± 0.00065. Another determination including the BES 
data but more theoretical inputs in the low energy region Ej, Aa^^d(Mz) = 0.02738 ± 0.00020, 
will also be used in the fit for comparison. 

2.3 Sensitivity to the Higgs mass 

Figure ^ shows the sensitivity of some asymmetries and of the W mass to the Higgs mass. The 
experimental measurements are shown as well as the Standard Model prediction. The width of 
the Standard Model band shows the uncertainty arising from the precision on Aaj^^^^, mtop and 
Og. The asymmetries are very sensitive to the Higgs mass. The W mass is also sensitive but it 
is very dependent on mtop- 

All the asymmetry measurements can be converted into the measurement of the single parameter 
sin^^g'j^*' (Figure Q). The combination of these measurements gives 

sin^e^X = 0.23156 ± 0.00017 (8) 

The of the fit is bad: x^/d-o.f. = 15.5/6. This reflects the fact that the combined value 
of sin^^gj^ obtained from the leptonic asymmetries is 3.6(T apart from that obtained with the 
quark asymmetries. This effect is mainly caused by the 2 most precise measurements, Apg*^ at 
LEP and Ai from SLD. Since the previous combination, Apg^ has been more precisely measured 



as explained in section 2.2 and its value has slightly decreased, and so prefering a high Higgs 
mass (around 600 GeV). On the contrary the leptonic asymmetries prefer a light Higgs (around 
60 GeV). This dispersion is interpreted here as a fluctuation in one or more of the measurements. 



3 Test of the Standard Model 

In the following the ZFITTER0 and TOPAZoIll programs are used for ah the fits. Using ah 
the measurements discussed in section except the direct measurement of Mw and m^op a fit 
to the Standard Model is performed to obtain an indirect determination of Mw and mtop and a 
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Figure 3: Sensitivity of some asymmetries and of Mw 
to the Higgs mass. The width of the Standard Model 
band gives the uncertainty arising from the precision 
on AqJJj^j and nitop and as added linearly. 
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Figure 4: Detemination of sin'^Sj.'j^* from the asymme- 
try measurements. The Standard Model prediction as 
a function of Mh is also shown. The width of this pre- 
diction gives the uncertainty arising from the band on 
Aajjjjjj and mtop and aa added linearly. 



constraint on Mh- Figure ^ shows the result of that fit as well as the direct measurements (the 
% C.L. contours are shown). This indirect determination gives 



mtop 
Mw 
Log(MH) = 
Mh = 

in agreement with the direct measurements: 
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The Standard Model prediction is also shown in Figure |5| showing that a low Higgs mass is 
prefered by both the direct and indirect Mw and mtop values. 



4 Constraint on the Higgs mass 

4-1 The global fit 



The agreement between the direct and the indirect determination of Mw and mtop (section ^ 
shows the consistency of the Standard Model. These direct measurements are then used to obtain 
a better constraint on the Higgs mass. Using the new value of Aa^g^^^ discussed in section 2.2 
the result of the fit is: 



Log(MH) 



1.99 ±0.21 



(15) 




Figure 5: Indirect determination of mtop and Mw (full 
line) compared to the direct measurements (dotted 
line). The 68% C.L. contours are shown. The band 
shows the Standard Model prediction for a Higgs mass 
ranging from 113 GeV to 1 TeV. 



Figure 6: Ax^ = X'^ ~ Xmin SiS a function of Mh 
for the global fit to the Standard Model. The region 
excluded by the direct searches at LEP is also shown. 



Mh = 98l|GeV (16) 
mtop = 175.7 ± 4.4GeV (17) 
Mw = 80.393 ± O.OlDGeV (18) 

leading to an upper limit on the Higgs mass: Mh < 212 GeV at 95% C.L. Again the is bad, 
/d.o.f. = 25/15 which corresponds to a probability of only 4%. This is simply a reflection of 



the the disagreement between the asymmetry measurements already discussed in section 2.3. 
Figure ^ shows the Ax^ = ~ Xmin ^ ^ function of the Higgs mass. The dotted line shows 
the result of the fit using a more theory driven determination of Aa^^^j which also includes 
the new BES data. 

The new value of Aa^g^j results in a shift of the prefered Higgs mass of about +35 GeV and a 
significant reduction in the error: the error on Log(MH) arising from Aa^^^j has decreased from 
0.2 to 0.1. This is no longer the single dominant error, but still one of the limiting errors. 



4-2 The uncertainty on Mh 

In order to determine which measurements need to be improved to better constrain the Higgs 
mass the error on Log(MH) can be broken down into the different sources. For this purpose only 
the two most powerful variables, sin^^gg'* and Mw, are used separately. The parametrisation 
of the sin^^g*^* and Mw dependance with m^^p, Log(MH) and Aa^^^j given in Ref.lli is used to 
propagate the experimental errors. Using sin^^gg"* alone the uncertainty on Log(MH) is 

5Log(MH) = ±0.U{6sm^ef^^,) + 0.10((5AaLd) ± 0.13(dmtop) = ±0.22 (19) 
and using Mw alone: 



5Log(MH) = +0.24(5Mw) =F Om{dAal^) ± 0.26((5mtop) = ±0.36 



(20) 
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Figure 7: Probability density function /(Mh). The lower curve shows the indirect measurements alone and the 
curve with the spike at ~115 GeV shows the combination with the direct search. 



The error arising from /S.a\^^ is no more the dominant one and with the present uncertainty 
on Mw and on mtop sin^^'*^* is more powerful than Mw- The large dependence of Mw on 
mtop limits the power of Mw in constraining Mh- Therefore one also needs to improve the 
precision of mtop_^in order to increase the power of Mw- Assuming that at the end of Run Ila 
of the TevatronO the error on mtop is reduced to 2.5 GeV and on Mw to 25 MeV (LEP 2 and 
Tevatron combined) then one would get using s\v?0^^^^ alone: 

5Log(MH) = ±0.14(WCpt) T 0.10((^AaLd) ± 0.07(5mtop) = ±0.19 (21) 
and using Mw alone: 

5Log(MH) = =f0.14((5Mw) =F 0.05((5AaLd) ± 0.12(5mtop) = ±0.19 (22) 

Mw would then be as powerful as sin^^'*^* for constraining Mh- Note that these numbers are 
obtained assuming that the value of Mh is of the order of 100 GeV. 

4-3 Combination with the direct search 

In Figure ^ the lower limit on the Higgs mass obtained from the direct searches at LEP2 is also 
shown, but this information is not used in the fit. The likelihood 7^(Mh) obtained from the 
direct searches Ila is combined with the probability obtained from the indirect measurements 
m Ref.El. 7^(Mh) includes the information from the excess of events observed in the year 2000 at 
a mass around 115 GeV. This combination uses a Baysian approach, assuming a uniform prior 

in Log(MH). The probability density function /(Mh) oc ^ is shown in Figure ^. The 

spike at Mh — 115 GeV is due to the excess of events in the direct search. The effect of this 
excess is to concentrate most of the probability around 115 GeV. About 50% of the probability 
is contained between a mass of 113 GeV and 120 GeV. Note also that the 95% upper limit goes 
up by about 20 GeV when the direct search is taken into account. 

5 Conclusion 

LEPl and SLD results are final except the heavy flavour results. The values of sin^^'g** extracted 
from the leptonic asymmetries and from the quark asymmetries are 3.6c7 apart. This effect is 



interpreted here as a fluctuation in one or more of the measurements. 

The new BES data lead to a significant improvement in the determination of Aa^^^^ which used 
to be the dominant source of error in the electroweak fit. 

The full LEP2 data set is not yet analysed for the W mass measurement. Moreover systematic 
uncertainties should be reduced with studies of the full data set. 

Thanks to the statistics which will be accumulated during Runlla at the Tevatron the uncertainty 
on the top mass and on the W mass will be significantly reduced allowing us to make more precise 
tests of the Standard Model and to constrain better the Higgs mass. 
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